ABSTRACT Calcium (Ca) and phosphorus (P) are essential minerals involved in many biological processes including bone development and mineralization. Plasma concentration of both minerals is tightly regulated, and Ca and P homeostasis is maintained via intestinal absorption, bone storage and exchange, and renal reabsorption. In the current broiler production systems, chicks are deprived of food and water for up to 72 h due to uneven hatching, hatchery procedures, and transportation time to farms. Post-hatch (PH) feed delay results in lower body and organ weight, higher feed conversion ratio and mortality, and delayed PH growth and GIT development. Little is known about the effects of early neonatal development and delayed or immediate feeding PH on Ca and P transporters. Therefore, the aim of the present study was to characterize expression patterns of Ca and P transporter genes in small intestine during the first 2 wk PH in chickens fed immediately after hatch (FED) or subjected to 48 h delayed feeding (NOTFED). Expression of all Ca and P transporters in jejunum and ileum was significantly (P < 0.05) affected by age. Among Ca transporter genes, only mRNA expression of Calbidin D 28k in jejunum and Ca sensing receptor (CaSR) in ileum were significantly (P < 0.05) affected by delay in feed access. For P transporter genes' expression, only P transporter type III (PIT1) mRNA was significantly affected by age, delay in feed access, and their interaction (P < 0.05). In summary, we have shown, for the first time, early developmental changes of Ca and P transporter genes in broiler chickens. Results suggest that an increase in gene expression of some of the transporters corresponds with the switch from yolk to high starch diet. Overall, our results can be helpful in better understanding of Ca and P homeostasis in broilers.
INTRODUCTION
Calcium (Ca) and phosphorus (P) are involved in many physiological processes including metabolic pathways and mineralization of bones (Wardlaw and Kessel, 2002; Berndt et al., 2007; Veum, 2010; Alexander et al., 2014) . Plasma concentration of both minerals is tightly regulated within narrow physiological ranges through feedback mechanisms consisting of parathyroid hormone, active form of vitamin D3 (1,25-dihydroxycalciferol) , calcitonin, and their respective receptors localized in the small intestine, bones, and kidneys (Veum, 2010) . In general, Ca and P homeostasis is maintained via intestinal absorption, storage and exchange with bones, and renal excretion or reabsorption (Alexander et al., 2014) . Calcium can be transported through active, transcellular or passive, paracellular transport mechanisms (Dimke et al., 2011) . A transcellular transport involves entry across the cell wall via transient receptor potential vanilloid (TRPV) 5 or TRPV6 transporters, diffusion through the cytoplasm by binding to Calbidin D 28k , and extrusion at the basolateral membrane via plasma membrane calcium ATPase 1b (PMCA1b) and sodium/calcium exchanger 1 (NCX1) (Hoenderop et al., 2005; Dimke et al., 2011) . Paracellular transport is characterized by ion movement from the intestine to the blood along the chemical gradient through tight junctions (Dimke et al., 2011) . Tight junction proteins claudin 2 and 12 have been reported to take part in paracellular Ca transport (Fujita et al., 2008) . Similarly to Ca, P transport involves uptake of the mineral through the apical brush border membrane by Na-dependent transporter, translocation across the cells, and exit at the basolateral membrane (Tenenhouse et al., 1998 ). In contrast to the well-known Ca transporter system, little is known about P diffusion through cells and extrusion into blood (Tenenhouse, 2005; Marks et al., 2010) . Three classes of Na-dependent P transporters have been identified with class I (Na/PI) being predominantly expressed in the brush border membrane of kidneys, type II (Na/PII) expressed in both renal (IIa and IIc) and intestinal (IIb) epithelium, and type III (PIT1 and PIT2) expressed in most mammalian tissues with predominant presence in kidney (PIT2) and intestine (PIT1) (Miyamoto et al., 1997; Tenenhouse et al., 1998; Murer et al., 2000; Tenenhouse, 2007; Marks et al., 2010) .
In most current commercial broiler production systems, chicks hatch over a 24-to 36-h period (Careghi et al., 2005) and are removed from the hatcher at the same time once most chickens have hatched (de Gouw et al., 2017) . After removal from the hatcher, chicks undergo selection, vaccination, sexing, sorting, and are then transported to farms. During this time (up to 72 h) chicks have no access to feed and water (Careghi et al., 2005; van de Ven et al., 2009; Willemsen et al., 2010) . However, they are not subjected to starvation because they can utilize residual yolk (Noy and Sklan, 1998 , 1999 . It has been shown that prolonged lack of access to feed results in lower body weight (BW) at placement (Careghi et al., 2005) , lower organ weight (Bigot et al., 2003; van de Ven et al., 2011 van de Ven et al., , 2013 and post-hatch (PH) growth especially in early hatched chicks (Noy and Sklan, 1998; van de Ven et al., 2012; Wang et al., 2014) , higher feed conversion ratio (FCR) and mortality, and delay in gastrointestinal tract (GIT) development (de Jong et al., 2017) . These effects are also dependent on the time of hatch and quality of chickens (van de Ven et al., 2011 (van de Ven et al., , 2012 Wang et al., 2014) . We have shown previously that delayed feeding PH inhibited the upregulation of lipogenic genes and lipogenic transcription factor genes until feeding was initiated (Richards et al., 2010) .
Only limited data are available regarding the effects of early neonatal development and delayed or immediate feeding PH on Ca and P homeostasis in chickens. It is well known that insufficient supply of one or both minerals results in reduced growth rate and bone mineralization (Shafey et al., 1990; Hurwitz et al., 1995) leading to skeletal abnormalities (i.e., rickets and tibial dyschondroplasia), lameness, and increased morbidity and mortality in fast-growing broilers (Edwards and Veltmann, 1983; Edwards, 2000; Williams et al., 2000; Fleming, 2008) . Therefore, the aim of the present study was to characterize gene expression patterns of Ca and P transporters in the small intestine of broiler chickens during early neonatal development and delayed access to feed PH.
MATERIAL AND METHODS

Animals and Experimental Protocols
All animal care procedures were approved by the USDA-ARS Institutional Animal Care and Use Committee. Fertile Ross 708 broiler chicken eggs (250 eggs ranging from 49.1 to 67.9 g with mean egg weight of 57.3 ± 0.23 g, 33 wk breeder flock age) were obtained from a local hatchery (Perdue Hatchery, Hurlock, MD) and incubated under standard conditions (37.5
• C and 60% humidity). At day 7 of incubation, all eggs were candled, and empty eggs were removed from incubator. The number of empty eggs was used to calculate fertility (100 -((number of empty eggs/total number of eggs) × 100)). All birds used in this experiment were hatched during a window of 486 and 496 h of incubation. During that time the hatcher was monitored every 2 h. Birds were removed from the hatcher in 3 batches (within 180 to 240 min after occlusion) and randomly distributed between treatment groups in a way that each battery pen included birds from each batch (14 to 15 hatchlings per battery pen total). Birds were placed into heated battery brooders (99 cm W × 33 cm D × 35.5 cm H, 1.09 m 2 ) equipped with 2 nipples drinker and 1 feeder (64 cm W × 7 cm D × 6 cm H). Feed was provided for birds that were fed after hatch when the first batch of birds was placed into battery pens. Brooder temperature was set to 34 to 35
• C for the first 3 d, and then decreased to 32
• C till day 7 and to 29 • C during second week of the experiment. The room with brooder batteries was set to 24L:0D for the first 3 d and then to 14L:10D for the rest of the experiment. No in ovo or in-hatchery vaccination was provided. Hatchlings were divided into 2 treatment groups randomly (n = 6 battery pens for each treatment). Each treatment was equally distributed between 2 brooder batteries with each treatment at each level of brooder battery. One group received feed and water immediately after placement (FED), while the second one received water immediately but had delayed access to feed for 48 h (NOTFED) to mimic commercial hatchery setting and operation. This experiment utilized straight run birds (as hatched), and sex of the birds was checked and recorded during sampling to ensure equal distribution between males and females. Birds were fed a commercial type corn-soybean meal-based starter diet (23.7% CP, 3,060 kcal/kg ME, and 1.3% digestible lysine) that met or exceeded all NRC (National Research Council, 1994) recommendations as well as average nutrient usage concentrations in the US for 2012 (AgriStats, 2012) from hatch to the end of the experiment at day 14.
Birds were sampled at hatch (0 h, wet chicks, within 30 min from hatch), and 4 h (birds selected from the first batch of chicks placed into battery pens), 24, 48, 72, 96, 144, 192, 240, 288 , and 336 h after start of feeding. Additionally, embryos were sampled at embryonic (e) day 19 (-48 h, n = 6, due to small size of the embryos, tissues from 2 embryos were pooled together as one n). At each sampling time, chicks and feed were weighed to determine BW gain and feed intake for the pen. Starting at 24 h PH, 1 chick per pen, selected at random, was sacrificed by cervical dislocation, and 1 cm of the upper jejunum (approximately 10 cm below bile duct entrance into distal duodenum) and 1 cm in middle of the distal part of the ileum (approximately 10 cm anterior to the ileocecal junction) were collected, cleaned of digesta by gently pressing the tissue, and snap-frozen in liquid nitrogen.
RNA Isolation and Reverse Transcription-Quantitative PCR
Total RNA was extracted using RNeasy Mini QIAcube kit and QIAcube instrument (Qiagen, Valencia, CA), according to the manufacturer's protocol and quantified using NanoDrop One (Thermo Fisher Scientific Inc, Waltham, MA). The quality and integrity of total RNA was evaluated using 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA). Two-step reverse transcription-quantitative PCR (RT-qPCR) was performed to analyze jejunal and ileal Ca and P transporter mRNA levels. The RT reactions (20 μL) consisted of 0.5 μg of RNA, 50 units Superscript IV reverse transcriptase (Invitrogen, Carlsbad, CA), 40 units of an RNase inhibitor (Invitrogen), 0.5 mM dNTPs, and 2.5 μM anchored oligo dT primers (Milipore Sigma, St. Louis, MO; 5 CGGAATTCTTTTTTTTTTTTTTTTTTTTV-3 ). A pool of all RNA (0.5 μg) from all treatment groups was used as a negative control for genomic DNA contamination and was processed as the other samples, but with omission of Superscipt IV enzyme. The RT reactions were diluted to 200 μL before being subjected to PCR. PCR was performed in 15 μL reactions containing 1 μL of diluted RT reaction, 400 nM of each gene-specific primer, iQ TM SYBR R Green Supermix (Bio-Rad, Hercules, CA) and was carried out in the CFX96 TM Touch System (Bio-Rad). Thermal cycling parameters were as follows: 1 cycle at 95
• C for 5 min, followed by 40 cycles of 95
• C for 15 s, 60
• C for 30 s, and 72
• C for 30 s. Dissociation curve analysis and gel electrophoresis were employed to ensure that a single PCR amplicon of appropriate size was amplified in each reaction. Primer sequences, designed using Primer3 software (Rozen and Skaletsky, 2000) for vitamin D receptor (VDR), Calbidin D 28k , plasma membrane calcium ATPase 1b (PMCA1b), calcium sensing receptor (CaSR), sodium/calcium exchanger 1 (NCX1), sodium-phosphate contransporter IIb (Na/PIIb), and sodium-phosphate cotransporter 1 type III (PIT1), are listed in Table 1 . The obtained data were normalized to the geometric mean (Vandesompele et al., 2002) of 4 housekeeping genes (β-actin, GAPDH, ubiquitin, and β2-microglobulin) and transformed using the equation 2 −Ct , where Ct represents the fractional cycle number when the amount of amplified product reached a fixed threshold for fluorescence. The data were analyzed and are presented as fold changes relative to the e19 (-48 h) group.
Statistical Analysis
BW and feed intake data were analyzed as repeated measures (power matrix as repeated measures covariance matrix) using GLIMMIX procedure of the Statistical Analysis System (SAS) software v9.4 (SAS C Institute, Cary, NC). The assumption for normality and homogenous variance was verified. Pen was considered as the experimental unit for PH birds. Holm-Tukey's adjustment was used for multiple comparisons. Gene expression data were analyzed by 2-way ANOVA using the general linear models (SAS). Age, treatment, and their interaction were set as the fixed effects in both analyses. Main effects were not analyzed separately if
Feed intake Body weight Figure 1 . Effect of delay in feed access for the first 48 h post-hatch on (A) body weight and (B) feed intake. Chicks were divided into 2 treatment groups (n = 6) as follows: birds receiving ad libitum access to feed and water immediately after hatch (FED) and birds without access to feed for the first 48 h post-hatch (NOTFED). Each value represents mean ± SE of 6 pens. Different letters denote statistically significant (P < 0.05) differences for mean comparison within treatment group over time. Stars denote statistically significant (P < 0.05) differences between treatment groups at each time point. the interaction between them was significant. For both analyses, significance was set at P < 0.05.
RESULTS AND DISCUSSION
Performance Data
Overall fertility and hatchability of fertile Ross 708 eggs were 94.4 and 95.6%, respectively. Chicks collected and used in this experiment hatched between 486 and 496 h of incubation. A decrease (P < 0.05) in BW was observed in birds subjected to withholding feed for the first 48 h PH (NOTFED) starting at 144 h PH until the end of the experiment (336 h PH) in comparison to birds with ad libitum access to feed after hatch (FED) ( Figure 1A ). After feed was introduced to NOTFED group, those birds were characterized by reduced (P < 0.05) feed intake between 48 and 72 h, and between 96 and 240 h in comparison to FED chicks ( Figure 1B ). Similar effects on BW were observed previously by Richards et al. (2010) as well as by others (Geyra et al., 2002; Juul-Madsen et al., 2004; van de Ven et al., 2012; Lamot et al., 2014; Wang et al., 2014) . In addition to decrease in BW during the first 2 wk, as observed by Richards et al. (2010) and others, it has been shown that lower BW was maintained in birds subjected to delayed access to feed until day 28 or 35 of age (Palo et al., 1995; Gonzales et al., 2003; Hollemans et al., 2018) . This effect could be related to impaired organ and body development including the GIT, as has been shown by others (Noy and Sklan, 1999; Uni et al., 2003a,b; Lamot et al., 2014; Simon et al., 2014; Lilburn and Loeffler, 2015) . Moreover, Juul-Madsen et al. (2004) have shown that chicks subjected to 24 h of feed deprivation can have compensatory growth and reach fed birds weight by day 8 of age while those that are not fed for 48 h are not able to grow quickly enough to achieve similar weights as those of birds fed, even by 6 wk of age. This lack of ability to compensate could be due to depression in feed intake and metabolism that lasts for 6 wk. In agreement with the observation of Juul-Madsen et al. (2004) , in our experiment, chicks that were without access to feed for the first 48 h PH were not only characterized by lower BW but also by lower feed intake. Furthermore, metadata analysis of published results showed that prolonged duration of time before access to feed and water results in lower BW at 7, 21, and 42 d of age as well as lower feed intake (de Jong et al., 2017) . Lower feed intake in chicks subjected to delayed feeding PH was also shown by Wang et al. (2014) . These authors suggest that delayed feed intake may impair feed intake regulation that potentially further aggravates the growth retardation observed in those birds. It has been suggested that chicks suffering from delayed feeding have overall lower metabolic rate (Noy and Sklan, 2001; Careghi et al., 2005) and that feed deprivation results in slower yolk resorption in the newly hatched chicks and poor stimulation of the development of the GIT (Noy and Sklan, 2001 ).
In our experiment, no changes (P > 0.05) in FCR from day 0 to 8 (192 h), day 8 to 14 (334 h), and overall FCR (day 0 to 14) were observed between FED and NOTFED chickens (Table 2 ). In contrast to our results, de Jong et al. (2017) showed, based on the "meta-analysis" of published data, that delayed feeding of chicks for 48 h PH resulted in higher FCR from hatch until day 21 and 42, but no changes were observed in FCR from day 0 to 7. It is possible, that the 14-d PH period used in our experiment was not long enough to observe changes in FCR. However, lack of the effect of delayed feed access on FCR was also shown by Hollemans et al. (2018) .
Gene Expression
The last days of incubation in broilers are characterized by increases in intestinal weight (relative to BW), as well as in activity and mRNA expression of brush border enzymes and major nutrient transporters which continue to increase after hatch (Uni et al., 2003a,b; Gilbert et al., 2007; Miska et al., 2014) . Not much is known about early developmental expression of Ca and P transporters in chicken. Also, the effect of delayed feeding on the expression of transporter genes, to our knowledge, has not been reported in broilers. There are only a few publications that investigated Ca and P transporters during embryonic development or early PH (Ashwell and Angel, 2010; Gabrielli and Accili, 2010; Yadgary et al., 2011; Li et al., 2017) . In this paper, we are reporting gene expression patterns for Ca and P transporters from -48 to 334 h PH in the small intestine (jejunum and ileum) of broiler chickens that were fed immediately PH (FED) or were without access to feed for 48 h PH (NOTFED).
Calcium transporters Small intestine is the main site of nutrient absorption in the GIT of chickens. According to Hurwitz and Bar (1970) , most of the Ca is Chicks were divided into 2 treatment groups (n = 6) as follows: birds receiving ad libitum access to feed and water immediately after hatch (FED) and birds without access to feed for the first 48 h post-hatch (NOTFED). Each value represents mean ± SE of 6 pens.
absorbed between duodenum and lower jejunum and in upper ileum, while P is mostly absorbed in upper jejunum. The most accepted model of Ca transport includes transport through epithelial wall by TRPV5 or 6, through cytoplasm by Calbidin D 28k , and extrusion to the extracellular medium via action of PMCA1 and NCX1 (Hoenderop et al., 2005) . Figures 2 and 3 present the expression pattern of Ca-related transporters in jejunum and ileum, respectively. There was no age × treatment interaction for any of the Ca transporterrelated genes in jejunum (VDR-P = 0.2053; Calbidin D 28k -P = 0.2862; PMCA1b-P = 0.3185; CaSR-P = 0.9988; NCX1-P = 0.9765; Figures 2A-2E) ; however, all genes were affected by age (development; P < 0.0001, Figures 2A'-2E') . Additionally, Calbidin D 28k gene expression was also affected by access to feed (treatment, P = 0.0046, Figure 2B" ). Similarly to what was seen in the jejunum, no age × treatment interactions for any of the Ca transporter genes were observed in the ileum (VDR-P = 0.3705; Calbidin D 28k -P = 0.2395; PMCA1b-P = 0.8279; CaSR-P = 0.4068; NCX1-P = 0.256; Figures 3A-3E ) but all genes were affected by age (development; P < 0.0001, Figures 3A'-3E' ). Additionally, CaSR gene was also affected by access to feed ( Figure 3E") . Surprisingly, most of the Carelated transporter genes were not affected by the delayed access to feed, except for Calbidin D 28k in jejunum and CaSR in ileum. However, expression of all genes was affected by age (development). A similar expression pattern was observed with VDR in jejunum and ileum and was characterized by a gradual increase in mRNA expression from -48 h PH until 24 and 72 h PH in jejunum and ileum, respectively. A gradual decrease of VDR mRNA expression was observed after the peak (at 24 and 72 h, respectively) in both tissues ( Figures  2A' and 3A' ). VDR acts as transcriptional regulator by binding to its response element as homo-or heterodimer (Liu et al., 1996) and inducing expression of several genes. Most of the Ca and P transporter genes, including Calbidin D 28k , TRPV5 and 6, PMCA1b, NCX1, and Na/PIIb, contain VDR response elements in their promoter regions (Nemere, 1992; Lu et al., 2000; Bar, 2009; Wang et al., 2015) . On the other hand, VDR mRNA level is affected by Ca and vitamin D3 concentration, and hormones such as PTH, growth hormone, or estradiol (Meyer et al., 1992; Russell et al., 1993; Lu et al., 2000) . In present experiment, an increase in Ca level Each value represents mean ± SE of 6 birds. Different letters denote statistically significant (P < 0.05) differences for mean comparison. due to access to feed PH could explain the increase in VDR mRNA expression PH in chicks. Similarly, reported an increase in VDR mRNA expression with age in jejunum; however, they observed this increase until 5 wk of age in chickens. In our case, we have detected downregulation of VDR mRNA after the peak of expression (at 24 and 72 h PH in jejunum and ileum, respectively) and relatively stable level from 72 and 192 h PH in ileum and jejunum, respectively (Figures 2A' and 3A' ).
The first step in active intestinal Ca transport-entry across the cell wall-is facilitated by TRPV5 and 6. An increase in TRPV6 mRNA level after high dietary Ca intake was observed by van Abel et al. (2003) . Even though, others showed expression of TRPV6 gene expression in chicken osteoblast and in yolk sack membrane (Yadgary et al., 2011) , we were not able to determine expression of TRVP6 mRNA in jejunum or ileum. We and others have shown previously that primers based on the predicted gene sequence for TRPV6 do not detect any TRPV6 mRNA expression in chicken duodenum (Proszkowiec-Weglarz and Angel, 2013; Rousseau et al., 2016) . However, the presence of TRPV6 protein in chicken jejunum and ileum has been shown by Huber et al. (2015) . More studies are required to verify the presence and expression of TRPV6 gene in chicken small intestine.
Inside the cells, Ca is bound to Calbidin D 28k and transported across the cells. We have shown that Calbidin D 28k mRNA expression is strongly (P < 0.05) upregulated after hatch in both tissues, jejunum and ileum, with the highest (P < 0.05) expression observed 72 h PH ( Figure 2B ' and 3B'). The high expression level at 72 h was followed by a decrease (P < 0.05) and then a relatively stable level of expression afterwards in jejunum and ileum ( Figure 2B ' and 3B'). Calbidin D 28k not only transports Ca from apical to basal side of the cells but also buffers intracellular Ca (Choi et al., 2011 ). An increase in Calbidin D 28k mRNA level after hatch is probably due to the switch from yolk sack nutrient supply to a dietary supply. In contrast to our results, Li et al. (2017) demonstrated an increase in Calbidin D 28k mRNA until 3 wk of age in jejunum and no changes in expression afterwards. We have observed a relatively steady level of Calbidin D 28k mRNA expression after 144 h PH ( Figure 2B ' and 3B'). Birds that had no access to feed for the first 48 h PH had lower (P < 0.05) Calbidin D 28k mRNA expression level in jejunum in comparison to FED animals ( Figure 2B") . In contrast to our results, it has been shown previously that a low Ca diet leads to an increase in Calbidin D 28k mRNA and protein expression in chickens (Bar et al., 1990; Cox and Dunn, 2001) . In the present experiment, the lower expression level of Calbidin D 28k mRNA observed in NOTFED chicks could be caused by reduced yolk sack assimilation that was shown previously to affect growth, energy balance, and GIT development in newly hatched chicks (Noy and Sklan, 2001) . It is worth mentioning that similar patterns were observed in ileum, although the changes in expression level between FED and NOTFED birds were not significant (P > 0.05) ( Figure 3B ).
At the basolateral membrane, Ca is extruded from the cell by 2 transporters, PMCA1b (Carafoli, 1991) and NCX1 (Bindels et al., 1992; Van Baal et al., 1996) . In our study, PMCA1b gene expression was characterized by a gradual increase in mRNA expression from -48 h PH until 4 and 24 h PH in the jejunum ( Figure  2C' ). At 4 and 24 h PH, this gene showed the highest (P < 0.05) mRNA expression. A gradual decrease in PMCA1b mRNA expression was observed after 24 h PH until 96 h PH in jejunum. In ileum, a gradual increase from -48 h till 72 h and then a decrease from 96 to 192 h in PMCA1b expression level was observed ( Figure 3C' ). After that, PMCA1b mRNA expression level stabilized and was expressed at similar level in ileum from 192 h till the final time point of the experiment. In contrast to PMCA1b, NCX1 gene was characterized by highest mRNA level before hatch (-48 h PH), followed by significant gradual decrease until 72 h PH and very low expression level afterwards in jejunum ( Figure 2D' ). NCX1 mRNA expression in ileum was significantly affected by development and showed a gradual decrease (P < 0.05) from -48 h until 192 h PH ( Figure 3D') . It has been shown that PMCA1b mRNA expression is modulated by vitamin D, and adaptation of chickens to Ca-or P-deficient diets increased PMCA1 mRNA expression and the number of Ca pump units (Melancon and DeLuca, 1970; Hurwitz et al., 1987; Cai et al., 1993) . In contrast to PMCA1b, NCX1 gene expression seems to be downregulated after hatch in both intestinal segments. Bar (2009) has shown that NCX1 expression is induced in response to Ca deficiencies. In our case, lack of feed for the first 48 h did not affect the level of NCX1 mRNA expression in jejunum, while in ileum a trend (P = 0.0565) in NCX1 expression upregulation was present starting at 24 h PH.
In this paper, we also looked at the expression level of CaSR. It has been shown previously that CaSR is expressed in chicken parathyroid, kidney, and duodenum (Diaz et al., 1997) . It is proposed that CaSR acts as a regulator of peptide secretion that senses nutrient levels and provides a signaling pathway for the release of gastric inhibitory peptide, glucagon-like peptide-1 and peptide YY (Mace et al., 2012) . We have found that in the jejunum, CaSR gene was characterized by the highest mRNA level before hatch (-48 h PH), followed by a significant gradual decrease until 72 h PH and very low expression level afterwards (Figure 2E') . A similar CaSR mRNA expression pattern was observed in ileum with a gradual expression decrease from -48 h until 192 h PH (Figure 3E' ). In the jejunum, CaSR expression was not affected by access to feed; however, in the ileum CaSR expression was affected (P = 0.013) by delayed access to feed, with NOTFED birds showing higher expression level (P < 0.05, Figure 3E" ). Our results confirmed that, similar to mammals, CaSR is expressed in all segments of the small intestine. Increased expression in the ileum during delayed feeding may suggest that CaSR is involved in nutrient sensing.
Phosphorus Transporters In the small intestine, jejunum was found to be the main site of P absorption (Hurwitz and Bar, 1970) . Our RT-PCR data have shown that Na/P-IIb expression level was only affected by age (time, P < 0.0001) in both the jejunum ( Figure 4A' ) and ileum ( Figure 5A') . A similar expression pattern of Na/PIIb transporter gene was observed in both tissues, with the highest mRNA level of Na/PIIb at 4 h after hatch followed by a significant decrease in expression until 192 h PH development ( Figures 4A' and 5A' ). Similarly to our results, Ashwell and Angel (2010) observed no major developmental changes in expression of this transporter after 90 h PH. However, Ashwell and Angel (2010) and others (Olukosi et al., 2011; Nie et al., 2013) showed that P reduction in PH diet had a significant effect on Na/P-IIb expression level in all segments of the small intestine. Low P concentration led to an increase in Na/P-IIb mRNA level. In our study, lack of feed for the first 48 h PH had no significant effect (P = 0.661 and P = 0.773 in jejunum and ileum, respectively) on the expression level of this transporter. It is Figure 5 . Effect of delay in feed access for the first 48 h posthatch on ileal level of mRNA for phosphorus transporter genes: (A) sodium-phosphate cotransporter type IIb (Na/PIIb) and (B) sodiumphosphate cotransporter 1 type III (PIT1). Insert figure (A') represent the time effects on mRNA expression of Na/PIIb. The expression level of e19 (-48 h) birds was set to 100%, and the other values are presented as % of the -48 h data. Each value represents mean ± SE of 6 birds. Different letters denote statistically significant (P < 0.05) differences between means within treatment. Stars denote statistically significant (P < 0.05) differences between treatment groups for each time point.
well known that availability of P is the main regulator of Na/P-IIb gene expression (Huber et al., 2015) , but it has been shown also that in the duodenum Na/P-IIb is affected by changes in dietary energy level but not by diet non-phytate P level . On the other hand, Xue et al. (2016) have shown that in the jejunum Na/P-IIb expression was only affected by CP concentration but not by P level in the diet. Moreover, recently Hu et al. (2018) showed that Na/PIIb expression level was not influenced by level of non-phytate P level in broiler chickens at 7 d PH.
The role of PIT1, another P transporter, has not been well defined in chickens. Data obtain in mammals (rats, rabbits, and hamsters) indicate that PIT1 may have cellular function in P homeostasis (Boyer et al., 1998; Tatsumi et al., 1998) . We have detected PIT1 gene expression in jejunum and ileum of chicken embryos (-48 h PH) and hatched chicks until the end of the examined period (Figures 4B and 5B). Similar results were observed by Huber et al. (2015) . In both tissues, PIT1 mRNA expression level was significantly affected by age (development) and delayed access to feed, as well as by time × treatment interaction (P < 0.0001, P = 0.0014 and P < 0.0001, and P < 0.0001, P = 0.0136 and P = 0.0129 in jejunum and ileum, respectively). However, different expression patterns of this transporter were observed between jejunum and ileum. PIT1 expression level in jejunum was characterized by significantly (P < 0.05) higher level from hatch (0 h) until 144 h PH except at 96 h PH in comparison to -48 h PH ( Figure 4B) . From 192 h PH, expression level of PIT1 was the same or less than at -48 h PH. The lack of feed for the first 48 h PH affected (P < 0.05) the expression level of PIT1: it was significantly downregulated (P < 0.05) at 24, 48, 72, and 144 h PH but was upregulated at 96 h PH in comparison to FED animals ( Figure 4B ). In the ileum, a significant (P < 0.05) increase in PIT1 mRNA level was observed in FED birds with the highest value at 72 h PH ( Figure 5B) . A significant decrease in mRNA level was observed from 96 to 192 h PH in FED birds. A similar expression pattern was observed for NOTFED birds but with the highest mRNA level at 96 h PH. Expression level of PIT1 was significantly lower in NOTFED birds in comparison to FED birds only at 72 h PH ( Figure 5B ). Expression level of PIT1 was more affected by delay in feeding in jejunum than in ileum. This is would be expected as the jejunum is the main site of P transport (Xue et al., 2016) . Recently, Hu et al. (2018) showed higher PIT1 mRNA expression in broilers fed low non-phytate P diets. Our data indicate that lack of feed for the first 48 h PH with presumably decreased P availability affected PIT1 mRNA level expression.
SUMMARY
Due to genetic selection, the growth period of the commercial broilers is shorter and the first 2 wk PH represents over one-third of the commercial broiler's lifespan. Any events occurring during this time will have significant effect on the overall performance of the birds. In this paper, we have shown, for the firsttime, early developmental changes of Ca and P transporter genes in broiler chickens. In the present studies, we observed high mRNA expression level of Ca and P transporters during the last phase of embryonic development or increase in their expression after hatch. It appears that an increase in gene expression of some of the transporters corresponds with switch from yolk to high starch diet. It is possible that we have not seen many major effect of delay feeding on some of the transporter genes because (1) chicks that are subjected to delayed feeding have lower requirements for minerals as a consequences of lower growth rate due to lower energy availability and lower feed intake after the feed is introduced, (2) neonatal chicks react differently to lower nutrient and mineral availability than e.g., 3-wkold chicks, or (3) delayed access to feed creates stasis in GIT development and the GIT reacts differently to nutrient/mineral availability than the GIT of e.g., 3-wk-old chicks with fully developed tract. In our study, in most cases, we observed early developmental changes in mineral transporter genes expression PH regardless of feed availability. Overall, our results can be helpful in better understanding of Ca and P homeostasis in broiler chickens.
